The leaves and woody stems of Casearia grayi (Flacourtiaceae/Salicaceae) have yielded several known flavone glycosides and a number of clerodane and halimane diterpenes, which were characterized mainly by analysis of NMR spectra. New compounds were identified as (rel)-16-hydroxy-halima-5(10),13(E)-dien-15-oic acid (9).
Compounds were isolated from dried leaves and woody stems by preparative HPLC employing variations on a gradient elution binary system of acetonitrile and water. From one extract, a total of eight known flavonoids were isolated and identified by NMR spectroscopic analysis. They are named in the Experimental section and will not be discussed further. Supplementary data on their characterization are available.
From a second leaf extract and the extract of woody stems, eight medium polar compounds were isolated. Compound 1 was obtained from the stems as a colourless oil, with a yield of 0.006%. It gave a molecular ion at m/z 457.2211 [M + Na] + by HRMS, suggesting the molecular formula C 24 H 34 O 7 Na (calculated 457.2193), indicating nine degrees of unsaturation. The presence of a ketone function was supported by the strong IR absorption at 1694 cm -1 , and two bands at 1756 and 1734 cm -1 suggested two ester carbonyls.
The 1 H NMR and 13 C NMR spectroscopic data are shown in Tables 1 and 2, respectively. With the aid of an HSQC spectrum, direct H-C correlations were resolved and indicated the presence of six quaternary carbons (a ketone, two acetoxyl ester carbonyls, one sp 2 and two sp 3 ), seven methylenes (two exocyclic methylenes and five sp 3 ), seven methines (two doubly oxygenated and one oxymethine, one sp 2 and three sp 3 ) and four methyl carbons (two acetoxyl), accounting for a total of 24 carbon atoms.
A comparison of the spectral data for 1 with those reported from previous studies in the genus, and the related genera Laetia and Zuelania [4-10, and further papers cited therein], indicated a clerodane diterpene with an 18,19-acetal and with the C-9 side chain containing a 13(16), 14-diene, similar to those reported in previous studies. The long-range H-C correlations observed in the HMBC spectrum (Table  3) supported the proposed structure, and were critical to defining positions of functionality. Thus, the acetal ring was confirmed by correlations between H-18 and C-4 and C-5, as well as the HMBC correlations between each acetal proton and their corresponding acetate carbonyl. The major structural difference between 1 and most of the diterpenes reported previously was that ring A was saturated, rather than having a double bond between C-3 and C-4. This was substantiated by a COSY correlation observed between H-18 and H-4 and between H-4 and a methylene assigned as H 2 -3, which was further coupled to an oxymethine at δ H 4.24, which is placed at C-2. The relative stereochemistry was assigned on the basis of coupling constants and COSY and NOESY data ( Figure 1 ). The coupling of H-10 to H 2 -1 was 13.6 Hz, and 1.5 Hz. If H-10 is arbitrarily assigned as β, then this requires H-1α and H-10 to be trans diaxial. The large coupling constants between H-2 and H-1α and H-1β (8.5 and 9.0 Hz) implied that thenormal chair. The β orientation of H-2 was confirmed by the strong nOe between H-2 and the equatorial ring was in a boat conformation rather that the proton assigned as H-1β, and the lack of an nOe between H-2 and the axial proton assigned as H-1α.
Also consistent with the β orientation of H-2 was a weak nOe observed between this proton and H-10.
Proton H-4 coupled to H-18 (7.2 Hz) and to both H-3 protons (14.9 and 3.9 Hz). From the NOESY experiment H-4 showed interactions to H-1α, H-18 and to the H-3 proton with which it had a small coupling constant. Consequently H-4 must be assigned to the α-face of the hexane ring and the C-4/C-18 bond will be β. H-18 must also be placed on the α-face of the acetal ring where it will eclipse H-4 leading to the observed coupling of 7.2 Hz. H H-C correlations to carbon at:
C-9, C-12 C-1, C-10 14 C-12, C-16 15
C-14 C-13 16 C-12 17
C-8 C-7, C-9 18
C-4 C-5 19
C-5 C-4, C-6 20 C-9 C-8, C-10, C-11
One of the H-7 protons appeared as a triplet (J = 14.3 Hz) indicating geminal coupling to the other H-7 proton and trans-diaxial coupling to H-8. This same H-7 proton exhibited a strong nOe with H-19 and, consequently, must be on the β-face, while H-19 is placed on the α-face of the acetal ring. In addition, H-19 showed strong nOe interactions with the protons of H 2 -11. This observation is accommodated by assigning the side-chain (C-11 to C-16) to the β-face of the ring. As H-7β shows a trans-diaxial coupling to H-8, that proton must be assigned to the α-face and consequently the 8-methyl group (C-17) is β. The highly shielded resonance for H-1α (δ H 0.85) must be attributed to its position within the shielding cone of the C-6 carbonyl. This has been noted previously in the closely allied casearinone A (2) [8] . Thus the relative stereochemistry found in this compound at C-5, C-8, C-9 and C-10 was identical to that observed previously for most Casearia diterpenes. The optical rotation of 1 was -84 o (c. 0.03, CHCl 3 ). The only diterpene of this type for which absolute configuration has been determined is the 3,4-dehydro casearborin E (3), isolated from Casearia arborea [9] . That compound has a positive optical rotation (+100 o ) and a H-10α configuration. It seems highly probable that in 1, configuration will be enantiomeric to 3, but the presence of the additional chiral centre at C-4 means there is a degree of ambiguity. Thus, it is concluded that 1, (rel)-2(R)-hydroxy-18(R),19 (R)-diacetoxy-18,19-epoxy-4(S),5(S),8(S),9(S),10(R)clerodan-13(16),14-dien-6-one, is a new compound.
Three other isolated compounds had spectral data that showed variation from 1 only at C-2 and/or C-6.
Compound 4 analysed for 42 MU more than 1 and exhibited additional resonances for a third acetoxyl. The proton at H-2 showed deshielding of about 1 ppm and an HMBC study confirmed H-C correlation between H-2 and an acetoxyl carbonyl. The optical activity, chemical shift and coupling constants of 4 were similar to 1, indicating the same relative and absolute stereochemistry. Consequently 4 is (rel)-2(R),18(S),19(R)-triacetoxy-18,19-epoxy-4(S),5(S),-8(R),9(S),10(R)-clerodan-13(16),14-dien-6-one. This is also new, differing from casearinones A and B, isolated from C. guianensis [8] , in the arrangement of the double bonds in the side chain. Unfortunately, no optical data were provided for the casearinones so it is not possible to decide whether they have the same enantiomeric form.
Compound 5, from the woody stem extract, again exhibited three acetoxyl groups, but the 13 C resonance for the carbonyl was absent and there were signals for an additional methylene. Compound 6, from the leaf extract, lacked both the acetoxyl substituent and the carbonyl. The accurate mass measurements for these two compounds were consistent with these changes. Compounds with this gross structure (fraction "J" and fraction "O", respectively) and showing the same relative chemistry, except at C-19, have been reported from C. corymbosa [5] . The reported NMR data ( 1 H for "J" and 1 H and 13 C for "O") showed no significant differences, other than reversal of assignments of some methylene resonances in the 13 C spectrum of "O".
Optical rotations are negative in all instances. Compounds 5 and 6 are characterized here as (rel)-2(R),18(S),19(R)-triacetoxy-18,19-epoxy-4(S),5(R),8(S),9(S),10(R)-clerodan-13(16),14-diene and (rel)-18(S),19(R)diacetoxy-18,19-epoxy-2(R)hydroxy-4(S),5(R),8(S),9(S),10(R)-clerodan-13(16), 14-diene. It is further concluded that the structures previously recorded for "J" and "O" in C. corymbosa be revised as 5 and 6.
Three further compounds from the leaves were clearly based on the same clerodane skeleton (NMR data, see Tables 1 and 2 ). In each case, the NMR spectra revealed additional methyl and olefinic methylene resonances and one less methylene and quaternary olefinic carbon. The presence of a readily distinguishable CH 2 -CH=C(Me)-CH=CH 2 system for the 13,14-diene side chain and NMR and MS data otherwise comparable to 1, 4 and 6, respectively allowed the compounds to be identified as (rel)-2(R)-hydroxy-18(S),19(R)-diacetoxy-18,19-epoxy-4(S),5(S),8(S),9(S),10(R)-clerodan-12(E),14-dien-6one (7), (rel)-2(R),18(S),19(R)-triacetoxy-18,19epoxy-4(S),5(S),-8(R),9(S),10(R)-clerodan-12(E),14dien-6-one (2) and (rel)-18(S),19(R)diacetoxy-18,19-epoxy-2(R)-hydroxy-4(S),5(R),8(S),9(S),10(R)clerodan-12(E),14-diene (8) .
Compound 2 has previously been reported from C. guianensis [8] and has the trivial name casearinone A. NMR data were in close agreement with those published. Compounds 7 and 8 are new.
Compound 9 was obtained from the direct ethyl acetate extract of the leaves as a yellow gum. The UV spectrum showed an absorption maximum at 225 nm and the IR spectrum a broad band at 3448 cm -1 and a strong band at 1690 cm -1 , indicating the presence of hydroxy and carboxylic acid groups. Mass measurement by HR-EIMS gave a molecular ion peak at m/z 320.2363, which suggested the molecular formula C 20 H 32 O 3 . The 13 C NMR spectrum (Table 4) revealed twenty carbons of which six were quaternary (one carbonyl, three sp 2 ), two methines (one sp 2 ), eight methylenes (one oxymethylene) and four methyls. The 1 H NMR spectrum (Table 4) showed good dispersion of resonances and from the HSQC spectrum it was possible to assign all direct H-C bonds. Assignment of the skeleton of 9 was accomplished primarily from H-C correlations obtained from the HMBC spectrum ( Table 4 ). The methyl resonances at δ H 1.01 and 0.87 showed mutual coupling and must therefore be geminal. Both showed coupling to three other carbons, a methylene (C-3, 40.5 ppm), a quaternary (C-4, 35.1 ppm) and a quaternary olefinic (C-5, 138.6 ppm). A third methyl singlet showed correlations to a quaternary (C-9, 41.2 ppm), an aromatic quaternary (C-10, 132.5 ppm), a methylene (C-11, 33.9 ppm), and a methine (C-8, 34.2 ppm). The final methyl, a doublet at δ 0.85, revealed coupling to three carbons, including C-8 ( 2 J) and C-9, as well as with a methylene (C-7, 27.7 ppm).
These observations require a bicyclic diterpene skeleton with 4,4,8,9-methyl substitution. The olefinic methine proton (triplet at δ 6.04) could be assigned as H-14 as it revealed H-C correlations to the carboxylic acid (C-15), the oxymethylene (C-16) and a methylene (C-12). The highly deshielded proton of C-13 was due to the α,β-unsaturated double bond in relation to the carboxylic acid. From COSY and HMBC correlations it was found that the methine proton at δ 1.55 dq (3.0 & 6.8) could be assigned as H-8 with a coupling of 6.8 Hz to the 17-methyl. The four remaining methyl groups are assigned to C-1, C-2, C-6 and C-7.
The 13 C chemical shifts were similar to those of enthalima-5(10),13(E)-dien-15-oic acid (10) (see Table  4 ), previously isolated from Polyalthia longifolia [11] . The optical rotation was found to be -20º, which was of similar magnitude, but of opposite sign (+ 25.8º) to that reported for 10. Thus 9 is assumed to be the enantiomeric opposite of 10 and is identified as 16-hydroxy-halima-5(10),13(E)-dien-15-oic acid (9) , which is new. This is the first report of a halimane diterpene from the Flacourtiaceae.
All the diterpenes (1, 2, 4-9) were tested for cytotoxicity against the P388 cell line using the ATP Lite-M assay method [3] and all showed cell inhibition in excess of 92% at a concentration 0.02 mg mL -1 . The most potent, 1, was further examined against five cancer cell line (A375, HepG2, Hs27, P388 and PC3) and showed significant cytotoxicity, with LC 50 values ranging between 1.8 to 2.0 µM, compared to that of the reference compound, chlorambucil. However, the activity was not specific for any cell line, indicating that the compound was functioning as a general cytotoxic agent. 
Extraction and isolation:
Ground leaves (1 kg) were cold extracted with methanol (2 x 500 mL) for 4 days and the extract concentrated under reduced pressure to give 6.1 g of crude extract. An aliquot of this (5 g) was suspended in water and extracted successively with n-hexane, ethyl acetate and methanol to give 1.1 g, 1.5 g and 2.1 g, respectively. The ethyl acetate fraction was dissolved in a mixture of acetonitrile, methanol and water (2:7:1), filtered and separated by preparative HPLC using an RP C 18 column (150 x 22 mm) and eluting with a binary solvent system of (A) water + 0.05% TFA, (B) acetonitrile + 0.05% TFA, with a gradient elution of 10% to 30% of (B) over 30 min. The following compounds were obtained: 3. A further batch of dried leaves (0.7 kg) was steeped in cold ethyl acetate for 3 days, with occasional agitation. After filtration, the extract was concentrated under reduced pressure to give 3.3 g of crude extract. An aliquot of this (1.0 g) was dissolved by sonication in acetonitrile and methanol (8:2) and separated by preparative HPLC using an RP C 18 column (150 x 22 mm) and eluting with a binary solvent system of (A) water + 0.05% TFA, (B) acetonitrile + 0.05% TFA, with a gradient elution of 50% to 95% of (B) over 35 min. The following compounds were obtained: 11.6 min -7, 2.6 mg; 15.1 min -6, 5.8 mg; 15.7 min -8, 4.2 mg; 15.8 min -2, 6.4 mg; and 22.3 min -9, 5.6 mg. Narrow, woody stems (1.1 kg) were ground and extracted with methanol using the protocol described above for flavonoid isolation. An aliquot of the ethyl 16-Hydroxyhalima-5(10),13(E)-dien-15-oic acid (9) Yellow gum.
[α] D : -20° (c 0.04, MeOH). UV/Vis (CHCl 3 ) λ max : 225 nm. IR (KBr) ν max : 3448, 1690, 1510, 1470, 1260, 1210, 1100, 1054, 840, 760 cm -1 . 1 H NMR: Table 1 . 13 C NMR: Table 2 . HREI-MS: m/z [M] + calcd for C 20 H 32 O 3 320.2347; found: 320.2363.
Cytotoxicity assay:
Individual compounds were tested, as previously described [3] . Cell lines used were A375 (Skin malignant), Hep G2 (Hepatocyte carcinoma), HS27 (Human normal foreskin), P388 (mouse lymphoblast cells) and PC3 (Prostate carcinoma). All cells were obtained from American Type Culture Collection (ATCC) and were routinely cultured with essential medium. Each sample was tested in triplicate and results were expressed as LC 50 values (µM).
